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In the present study we have analysed the currents data collected on board INS Sagardhwani using Vessel-Mounted 
Acoustic Doppler Current Profiler (VM-ADCP) along the southern Indian peninsula and Sri Lanka during December 2009. 
The observed currents deviated from climatological circulation pattern except around Sri Lanka. The southeastern region of 
peninsular India has evidenced the most anomalous currents from in-situ observations, with a northward flowing east India 
coastal current which is often southward (climatologically). The ROMS model is unable to simulate the observed anomalous 
currents, whereas the high-resolution (1/12 degree) HYCOM ocean model had reasonably well simulated these currents. 
From HYCOM simulations, we have found that small scale eddies (which are not captured or resolved by altimeter) are 
responsible for the observed anomalous behaviour of currents (east India coastal current) over southeastern India. This work 
further emphasizes the need of high-resolution ocean modelling for proper representation of key physical process and 
associated circulation systems. 
[Keywords: Arabian Sea, Bay of Bengal, Ekman currents, HYCOM model, Indian Ocean - coastal circulation, Inter basin 
mass transport] 
Introduction 
The North Indian Ocean is unique among the world 
oceans.  It is tropical and not connected to the poles; 
moreover it has very strong seasonal forcing, with the 
total reversal of winds and dramatic current reversal. 
In response to the annually reversing monsoon winds 
the major currents in the Indian Ocean also undergo 
variations on semi-annual and/or annual time scales.   
Based on the analysis of hydrography1-4, ship 
drifts5 and the satellite tracked drifters6 data, it was 
concluded that southward flowing East India Coastal 
Current (EICC) joins the westward flowing winter 
monsoon current (WMC) and feeds northward 
flowing West India Coastal Current (WICC) during 
winter monsoon (December to February). During this 
season, the EICC transports the freshwater of northern 
Bay of Bengal (BoB) all the way to the south-west 
coast of India by turning around Sri Lanka4. Further, 
the WICC carries it northward along the west coast of 
India into the Arabian Sea. Thus, EICC and WICC 
together girdle the coast forming a continuous flow 
from the northern BoB to the Arabian Sea. This is the 
only time the coastal circulation around India takes 
such a well-developed character covering the entire 
coastline. Based on several modelling studies, these 
coastal currents are proposed as a consequence of the 
presence of wind forced and or free coastally trapped 
Kelvin waves7-9. This coastal circulation is also 
regarded as an important element in inter-basin mass 
transport10-12.  
In addition to these coastal currents, observations 
from hydrography and altimetry showed the evolution 
of a high (low) in surface topography that forms off 
southeast coast of Arabian Sea in winter (summer) 
monsoon13-14; the high (low) are called as 
Lakshadweep high (low) due to their proximity to the 
Lakshadweep group of islands15. This region is a part 
of Arabian Sea mini warm pool and plays a vital role 
in the onset of south-west monsoon16 over Indian 
subcontinent. In addition, the inter-basin mass 
transport also plays a crucial role in redistributing 
salinity and mass between BoB and Arabian Sea 
basins. This mass transport has its proven importance 
in maintaining salinity balance of these two basins12. 
The coastal circulation along peninsular India and off 
Sri Lanka coasts comprises the giant seasonally 
reversing monsoon induced Indian Ocean circulation. 
In addition, this transport has major role in 
determining coastal processes and biological 
productivity regionally.  However, very few direct 
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current measurements are available in the Indian 
Ocean over these regions. Even if they were available 
also, they were collected at a single point (time series) 
observations.  For instance, Shetye et al.17, Amol et 
al.18, utilized currents data off Goa and at three 
locations along the west coast of India and showed the 
evidence of the role of remote forcing in influencing 
the circulation locally. However, spatial current 
measurements all along the west and east coasts of 
India at a stretch are very sparse. It requires huge ship 
time for collecting the data along such lengthy coasts. 
In the present study, Vessel-Mounted Acoustic 
Doppler Current Profiler (VM-ADCP) measured 
spatial currents data around the southern Indian 
peninsula is presented and discussed the circulation 
features. The study also examined the probable 
generation mechanism for the observed anomalous 
circulation features. 
 
Data and methodology  
 
Data 
The research vessel INS Sagardhwani carried out a 
fine resolution spatial survey around southern 
peninsula of India during 18 - 24 December 2009. 
The ship track comprised of four transects (222 km 
offshore from the 30 m depth contour) in south-
eastern Arabian Sea (SEAS); each separated by 0.5° 
in north south direction; a track along the west coast 
of India till southern tip of Sri Lanka; from this point 
northward up to off Chennai (Fig. 1). Since the 
transport is from BoB to Arabian Sea during this 
season, the entire cruise track was divided into four 
zonal tracks from east coast to west coast (Fig. 1) i.e., 
off Chennai to 81.3° E, 10.18° N (track A), around Sri 
Lanka (track B), 77° E, 7.695° N to 75.8° E, 8.5° N 
i.e., off Cape Comorin (track C) and four tracks in the 
SEAS (track D). Along these tracks, VM-ADCP was 
operated with a bin depth of 8 m and starting depth of 
21 m. The data was thoroughly quality checked using 
five-amigo principle which are BIT error, error 
velocity, correlation magnitude, vertical velocity and 
horizontal velocity thresholds. Based up on these, data 
was flagged accordingly. The manual for operational 
and quality control of VM ADCP currents is available 
at http://www.comm-tec.com/Docs/Manuali/RDI/ 
BBPRIME.pdf. The VM ADCP currents are widely 
used for studies on ocean circulation features18-19 and 
calibrating altimeter observations20. 
In addition to this, to characterise the circulation in 
this region, the high resolution (0.33º) Sea Surface 
Height Anomaly (SSHA) data from multi-satellite 
altimeter merged product (obtained from 
www.aviso.oceanobs.com) has been utilized. This is a 
proven tool for the study of meso-scale features of the 
ocean21. In order to emphasize the nature of the 
observed VM-ADCP current pattern, OSCAR 
currents for a period of 15 years (1994-2008) were 
used. The OSCAR global ocean surface currents  
are calculated from satellite-sensed sea surface  
height gradients, ocean vector winds, and sea  
surface temperature fields using geostrophic,  
Ekman, and thermal wind dynamics (source: 
http://www.esr.org/oscar_index.html).  
 
Model 
In order to examine the capability of ocean 
modelling in simulating the observed anomalous 
currents, we have used state of the art regional  
model – ROMS (Regional Ocean Modelling System). 
ROMS (version 3.6) is a three-dimensional, free-
surface, terrain-following numerical model that solves 
the Reynolds-averaged Navier-Stokes equations using 
the hydrostatic and Boussinesque assumptions. The 
simulations are carried out at a very fine resolution of 
10 m in the horizontal direction. The vertical 
resolution of ROMS is 1.5 m for top 9 m, 2 m 
resolution for depths 9 – 15 m, 5 m resolution for 
 
 
Fig. 1 — Map showing the cruise track. Colour code of the tracks
represents the respective tracks with names. Dotted contours 
represent the bathymetry (m). Vectors (blue) represent Advance
Scattero-meter (ASCAT) winds extracted along the tracks A, B, C
and D during the respective observational periods. Bold numbers
indicate the distance in NM from the starting point (off Chennai). 
Note that the cruise track is from track D to track A. 
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depths 15 m to 90 m and thereafter the resolution 
decreases gradually with depth. Initial conditions of 
temperature and salinity are given from World Ocean 
Atlas (WOA05) and the boundary conditions for the 
east and south are also created from WOA05. The 
surface atmospheric fluxes viz. air temperature, 
specific humidity, longwave radiation and shortwave 
radiation which are taken from NCEP (National 
Centers for Environmental Prediction) are used as a 
daily forcing to the ROMS ocean model. The forcing 
fields also includes the daily climatological 
Precipitation from TRMM,  daily Winds from 
Quikscat  and River runoff data from Fekete et al.22, 
(monthly) having all major rivers of BoB.  
Climatology run is performed for 10 years (prior to 
2000) with daily climatological forcing fields, later 
the inter-annual run is carried out from 2001 onwards 
where the climatological forcing fields are replaced 
with inter-annual data. 
The high resolution (1/12°) HYCOM model 
analysis of zonal and meridional currents is obtained 
from the web link, https://hycom.org/data/ 
glba0pt08/expt-90pt8. This particular simulation 
using HYCOM is termed as '90.8' and the analysis are 
available from May-07-2009 to Jan-02-2011.  The 
simulations used the Navy Coupled Ocean Data 
Assimilation (NCODA) method23,24 for data 
assimilation. The documentation on HYCOM model 
configuration, forcing fields etc. can be obtained from 
the web link https://hycom.org/hycom/documentation.  
 
Methods 
Geostrophic currents from the SSHA are computed 
based on Kalyanidevasena et al.25. Along with this, 
daily Advanced Scatterometer (ASCAT) winds with 
0.25° x 0.25° resolution were also utilized to study the 
prevailing wind pattern. To know the Ekman 
contribution in the total current, Ekman currents at 21 
m depth were computed using formula given by Pond 
and Pickard26. 
 
ݑா ൌ ாܸ	 cosቆቀπ4ቁ ൅ ൬πzܦா൰ exp ൬πzܦா൰ቇ 
 
ݒா ൌ ாܸ	 sinቆቀπ4ቁ ൅ ൬πzܦா൰ exp ൬πzܦா൰ቇ 
 
ாܸ	 ൌ 	߬/ሺߩሺܣ|݂|ሻሻభమ 
 
where τ is the magnitude of the wind stress, A is 
the vertical eddy diffusivity and f is the  magnitude of 
the Coriolis parameter. We use A = 10-2 m2s-1, τ is 
derived from Advanced Scatterometer (ASCAT) 
winds, z is the depth and ρ = 1025 kgm-3 is density of 
sea water.  
Where DE = π(2A/|f|)1/2 
 
Results and Discussion 
 
Observed circulation features 
The observed currents along the cruise tracks and 
the surface geostrophic currents derived from gridded 
SSHA are shown in Figure 2. The method of 
computing geostrophic currents from SSHA is 
described in data & methodology section. North-
westward currents (~40 cm/s) were observed off 
southeast coast of India (track A) to north-east coast 
of Sri Lanka (north of track B, i.e., up to 82° E, 8° N). 
The observed currents are south-eastward along east 
coast of Sri Lanka and south-westward along 
southeast coast of Sri Lanka. These currents are 
circum-navigating the southern coast of Sri Lanka 
along track B, i.e. south westward westward with 
higher velocities (> 90 cm/s) off southern coast of Sri 
Lanka. Again the currents turned to north-westward at 
79° E, 6.2° N and 77° E, 8.6° N. North of this point 
and along Track C south-eastward currents were 
observed till southern tip of India (77° E, 7.9° N). 
Again strong northeastward currents (~80 cm/s) were 
observed off Cape Comorin (track C). These current 
patterns continued at subsurface depths also (Fig. 3a). 
 
 
 
Fig. 2 — Surface geostrophic currents (black) overlaid by the
observed currents at 21 m (purple) with colour code indicating the
sea surface height anomaly (SSHA). 
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However, at the point of convergence (79° E, 6.2° N) 
and Cape Comorin, southeastward currents were 
observed between 47 m to 75 m depth (Fig. 3a) and 
south-eastward-eastward currents below 37 m depth 
respectively. 
In SEAS (tracks D), currents were northeastward 
with increasing speeds towards coast along track D1 
while they were northward along track D2. The same 
northward currents were observed along track D3, 
east of 75.8° E while northwestward, west of this 
longitude till 74.75° E; further west, these currents 
were south-eastward. Along track D4, currents were 
northward east of 76.5° E, west of this longitude, 
currents were southward-south-westward till 75.4° E. 
Beyond this longitude, north-westward currents were 
observed till 74.4° E. West of this longitude and till 
the end of this transect, currents were westward. The 
type of observed current patterns along the transects 
D1, D2, D3 and D4 altogether indicating an anti-
clockwise circulation in this region. At subsurface 
depths, along all transects currents were following the 
current pattern as at the top level (Fig. 3b).  But as per 
climatology, southward EICC joins the westward 
flowing WMC and feed northward flowing WICC 
during this period4,27. In addition to this, a clockwise 
gyre, Laccadive High (LH) exists in the SEAS14-15,28. 
However, the VM-ADCP showed a complex 
circulation pattern different from the climatological 
circulation pattern except around Sri Lanka. To know 
the probable reasons for this deviation from 
climatology, satellite derived currents were utilized 
and presented in the next section. 
 
Generating mechanisms of observed anomalous circulation 
SSHA during the observational period along the 
cruise track showed multiple clockwise and anti-
clockwise eddies (Fig. 2).  The geostrophic currents 
(the method of computation is given in data & 
methodology section) computed from the SSHA 
showed southward currents off southeast coast of 
India (track A) which were not matching with the 
observed currents. This infer that geostrophic 
component of currents was not the causative factor for 
the observed current pattern in this region. The south-
eastward currents between 79° E, 6.2° N and 77° E, 
8.6° N (track B) are due to the presence of a semi-
enclosed anti-clockwise eddy, north of the track. 
While a clockwise eddy centred at 76.8° E, 7.7° N 
forced the north-eastward currents off Cape Comorin 
(track C). In SEAS, SSHA showed a relatively low in 
sea level with positive SSHA values (~6 cm). This 
indicated the presence of an anti-clockwise eddy 
 
 
 
Fig. 3 — (a) Subsurface currents along the tracks A, B and C; (b) Subsurface currents along track D namely (i) 8.5° N, (ii) 9° N, 
(iii) 9.5° N, and (iv) 10° N. Starting and ending Longitude values are also indicated along each latitude. 
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centred at 75° E, 9° N.  Thus there were multiple 
eddies in SEAS both in clockwise and anti-clockwise 
in nature. The geostrophic currents were well 
matching with the observed current pattern around Sri 
Lanka (track B), off Cape Comorin (track C) and in 
SEAS (track D). Earlier studies showed that a high 
(Laccadive High) with multiple eddies should persist 
in this region14,15,28. However, the multiple eddies 
mentioned by Shankar & Shetye15 were anti-cyclonic 
in nature. From the above analysis, it was clearly 
evident that both cyclonic and anti-cyclonic eddies are 
present in LH29. Hence, eddies played an important 
role in influencing the observed current pattern. In 
summary, except along southeast coast of India (track 
A), geostrophic currents are well matching with the 
observed current patterns with slight difference in 
magnitude. 
To further understand the nature of observed 
currents, we have performed OGCM simulations 
using ROMS regional model at high resolution (10 
km x 10 km). The ROMS configuration and details of 
model simulations is presented in data & 
methodology section. Figure 4 shows the simulated 
ocean currents at surface (0 m) and at 21 m depth on 
21st December, 2009 and time average for the whole 
week centred on this day. The surface currents 
simulated from ROMS (Fig. 4) infer a well-developed 
EICC off east coast of India, which is 
circumnavigating by traversing through coastal 
regions of Sri Lanka to reach west coast of India. The 
ROMS simulated currents over observed tracks partly 
matching in pattern, however very less in strength. 
There is no major distinction between ROMS 
simulated currents at surface and 21 m depth 
(compare Fig 4a and Fig. 4b). Along track A, the 
model simulated currents at both the depths are 
showing opposite direction (toward south) when 
compared to the observed in-situ currents, which are 
towards north.  
From previous section, it is clear that the eddy 
induced geostrophic circulation is the major causative 
factor for the observed in-situ currents along track B, 
C and tracks D, whereas the currents along track A 
are not in agreement with geostrophic currents. It is 
 
 
 
Fig. 4 — Surface (0 m) Ocean Currents simulated from ROMS model for - a) currents on 21st Dec, 2009, b) currents time averaged for a
week centered on 21st Dec, 2009; subsurface (21 m) ocean currents simulated from ROMS model for – c) currents on 21st Dec, 2009, 
d) currents time averaged for a week cantered on 21st Dec, 2009; all the panels are overlaid by observed in-situ currents (21 m) in 
purple colour.  
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important to note from the present section that, even 
the state of the art high resolution regional model 
ROMS is also not able to accurately simulate the 
direction of observed currents along track A. To 
emphasize the peculiar nature of these anomalous 
currents, we have examined the OSCAR surface 
currents at 15 m depth, for a period of 15 years (1994 
to 2008) prior to 2009. Figure 6 shows OSCAR 
currents, time averaged for a week such that centred 
on 21st December of respective year. The observed in-
situ (21 m) currents during 2009 are also overlaid on 
currents of each year with purple colour.   During 
2009, the OSCAR currents showing a well-developed 
southward flowing EICC off southeast coast of India, 
which is circumnavigating Sri Lanka coast and 
merged into the winter monsoon currents. However, 
the OSCAR currents during 2009 are not in 
agreement with observed currents along Track A.   
The OSCAR currents infer well developed winter 
monsoon current during all the years (Fig. 5). The 
coastal currents off east and west coast of India are 
not available for some of the years viz. 1994 to 1997. 
The OSCAR currents infer well developed southward 
flowing EICC over south east coast of India (along 
Track A) during years 1999, 2000, 2001, 2003, 2004, 
2005, 2007, and 2008, which are merging into WICC. 
Hence currents during none of the years resemble the 
peculiar nature of observed currents over track A. The 
OSCAR currents are not well developed or not clear 
during remaining years (Fig. 5).   Hence the observed 
northward flowing currents along south east coast of 
India can be stated as an anomalous and peculiar case. 
The geotropic currents are not able to explain the 
generation mechanism of observed anomalous 
currents, the same are not well resolved in the high-
resolution ROMS regional model. To understand the 
 
 
 
Fig. 5 — OSCAR currents (15 m) on 21st December of each year given in panels for the period 1993 to 2009, the observed 
in-situ currents are shown in purple colour in each panel 
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probable generation mechanisms of these observed 
anomalous currents, we have examined the wind 
induced Ekman currents. The primary driving force 
for ocean surface currents is wind; winds from 
ASCAT were extracted along all tracks during their 
respective observational periods (Fig. 1). Winds were 
northeasterly along all tracks with varying magnitude. 
Ekman currents were examined at the ADCP depth 
i.e., 21 m (Fig. 6), to understand the role of winds in 
the generation of observed anomalous currents. The 
Ekman currents were north-westward all along the 
cruise track with varying magnitudes. Strong (40 
cm/s) and very weak (~2 cm/s) Ekman currents were 
observed in SEAS and along track C respectively. 
These magnitudes as well as the direction were very 
much analogous to the wind pattern. The magnitude 
of Ekman currents (Fig. 6) is very less compared to 
the geostrophic currents (Fig. 2) over most part of 
study region except south of southern tip of 
peninsular India. Over this region, the magnitude of 
Ekman currents is comparable to geostrophic currents, 
however opposite to each other. The geostrophic 
currents are southeasterly, whereas the Ekman 
currents are westerly over this region. The 
strengthening of winds along track C is attributed to 
the channelling effect through the sea level channel 
between elevated land mass of southern India and Sri 
Lanka and have been referred to as gap winds30. As 
explained earlier, the observed in-situ currents along 
south of southern tip of India are in agreement with 
geostrophic currents which are a part of an 
anticlockwise eddy (Fig. 2). 
Thus, from the above analysis, the observed current 
along the cruise track were not flowing as continuous 
current unlike climatological currents27. This 
discontinuity was attributed to the presence of eddies 
except off the southeast coast of India (track A). The 
currents along track D are the manifestation of eddies 
which is evident from the SSHA observations. Off 
southeast coast of India, one of the probable reasons 
can be wind but wind alone could not explain the 
magnitude of the observed current.    
It is interesting to mention that, unlike the 
geostrophic and OSCAR currents, the Ekman currents 
are matching in direction to the observed anomalous 
currents along the southeastern coast of India (track 
A).  However the magnitude of these Ekman currents 
is approximately half of the observed in-situ currents. 
Hence, it is imperative to mention that the wind 
driven Ekman currents are partly explaining the 
observed anomalous in-situ currents along track A. 
We have further examined the HYCOM currents 
along Track A. Figure 7 shows the currents (20 m) 
derived from high resolution (1/12°) HYCOM ocean 
analysis that is time averaged for the period 18th to 
24th December 2009. The HYCOM currents infers a 
small scale eddy along the northern portion of Track 
A (Fig. 7) which was not resolved by either SSHA, 
geostrophic or OSCAR currents. The HYCOM 
simulated currents are in agreement with the observed 
ADCP currents in this region. 
 
 
 
Fig. 6 — Ekman currents at 21 m depth (black) overlaid by
observed currents (purple).  
 
 
 
Fig. 7 — Currents (20 m) from high resolution HYCOM model
analysis (vectors - red in colour) averaged for the period 18 to 24
December 2009, overlaid by observed ADCP currents (21 m,
vectors - purple in colour). The vector magnitude is 80 cm/s for
both the ADCP and HYCOM currents. 
INDIAN J. GEO-MAR. SCI., VOL. 49, NO. 03, MARCH 2020 
 
 
350
Summary and conclusions 
The in-situ measurements covering the coastal 
stretch of both peninsular India and Sri Lanka have 
been limiting the understanding of these currents. In 
the present study, to the best of our knowledge, for 
the first time we have analysed the in-situ currents 
comprising the continuous stretch of peninsular India 
and Sri Lanka coasts. 
We have analysed the currents data collected on 
board INS Sagardhwani using VM-ADCP along a 
specified track around the southern Indian peninsula 
and Sri Lanka during December 2009. Current 
measurements revealed a complex circulation pattern 
and they deviated from general climatological 
circulation pattern, except around Sri Lanka. We have 
examined the causative factors responsible for the 
deviation of observed currents. The eddy induced 
geostrophic currents are responsible for observed 
anomalous currents over southeastern Arabian Sea, 
which is also evident in SSHA. The southeastern 
region of peninsular India has evidenced the most 
anomalous currents from in-situ observations, with a 
northward flowing east India coastal current, which is 
often southward (climatologically) and happened once 
in 16 years in the OSCAR records.  
Even the high-resolution regional ocean model 
ROMS is unable to simulate the direction of this 
anomalous current. The present analysis reveal that 
the wind induced Ekman flow over this region is 
responsible for the observed direction of these 
anomalous currents, however the strength of the 
Ekman currents is relatively less.  The present study 
has reported the anomalous behaviour of east India 
coastal current over southeastern region of India. The 
observed anomalous nature is not evident from 
OSCAR currents, probably because of the low 
resolution of OSCAR currents and the limitation of 
their applicability along coastal regions. The observed 
ADCP currents are in agreement with HYCOM high 
resolution simulations. From HYCOM simulations, 
we have found that small scale eddies (which are not 
captured and resolved by altimeter due to it’s along 
track limitations) are responsible for the observed 
anomalous behaviour of the EICC that reported in the 
present study. The observed anomalous nature of 
EICC (which we found as a result of small scale 
eddies) is not captured in any of the year of OSCAR 
data record (Fig. 5) or by earlier studies, which is a 
notable finding of the present study. Hence the 
present study concludes the need of high resolution 
ocean modelling for better representation of the 
physical processes. In addition the oceanic features 
like small scale eddies could deviates the EICC from 
its characteristic southward flow, which needed to be 
explored further for its probable impacts in the 
exchange of salt between Arabian Sea and BoB. 
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